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Abstract 
Intense industrial activity in SW Sardinia has resulted in heavy metal dispersion processes over a large area. In this 
study biomineralization processes are shown to be useful for environmental monitoring, in agreement with existing 
literature. Investigations of benthic foraminifera sampled in shallow water from a metal-contaminated environment 
(Portoscuso, SW Sardinia) reveal intense micro-boring processes by cyanobacteria, chlorophycean, and fungi. A 
positive correlation between heavy metal impurity content (Pb and Zn, in particular) and bioerosional processes is 
found. This result indicates that in the investigated area, the amount of heavy metals discharged cannot be diluted or 
taken up via water-rock interaction, and are therefore released to the biosphere.  
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1. Introduction 
A large body of literature shows that industrial activity corresponds to a continuous increase in carbon 
dioxide partial pressure PCO2 and a release of many pollutants such as heavy metals, organics and so on. 
As a result, the global environment has changed through acidification of ocean waters and increased bio-
availability of pollutants. Bio-availability of pollutants depends on many factors, such as: 1) increase in 
their concentration, 2) chemical speciation, and 3) uptake by target organisms.   
Field studies in polluted coastal environments near an Industrial Complex (Portoscuso, Southern 
Sardinia, Italy,) show positive correlations between bioerosional processes by boring microflora 
(chlorophycean, cyanobacteria, fungi) and heavy metal values [1]. Microbial endoliths are well known as 
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inhabitants of carbonate substrates mainly dedicated to coral reefs, other macrofaunas and thalli of 
coralline red algae (see in [2], Tribollet, 2008). Investigations of micro-borings in foraminifera show 
relationships that seem to depend on local and regional conditions [3, 4]. Populations of large 
foraminifera (Amphistegina, Heterostegina and Cyclorbiculina) that are extensively infested by 
cyanobacteria were described from the West Australian shelf and from the Florida Keys, related to human 
activity altering marine environments. Anthropogenic changes include globally pervasive problems 
resulting from several factors, including rising atmospheric CO2 concentrations and stratospheric ozone 
depletion. Effects of elevated PCO2 on bioerosion of coral reefs have been interpreted through a 
mechanism of carbonate dissolution in a more acidic ocean. Biochemical models show that chemical 
dissolution of carbonates increase with lowered seawater pH [6]. Differential bioerosion induced by 
boring microflora related to Mg/Ca ratio and structure of the foraminiferal tests, was showed by [7] and 
[4]. Correlation between taxa and significant Mg intra-shell heterogeneity, indicating a major role for 
biological factors in determining the Mg/Ca ratio, has been recently discussed by [8]. However, some 
detailed investigations of foraminifera living in Baltic Sea show that no bioerosional processes are due to 
the observed increase in PCO2 [9]. In this work, bioerosional processes due to bacteria in heavy metal 
polluted environments are investigated. 
2. Methods 
Samples of superficial sediments in shallow-water (less than 2 m deep) from polluted coastal 
environments adjacent to the Industrial Complex of Portoscuso were collected. This area appears as an 
elongated shallow shelf, relatively confined because it is weakly sloping to deeper environments. Bottom 
sediments consist of sandy submarine beach (Pleistocene-Holocene age), while Oligo-Miocene calc-
alkaline volcanics crop out north of the sampling area. The large industrial complex, developed on an 
alluvial plain near the sea, includes plants producing alumina from bauxite, lead-zinc smelter producing 
Pb, Zn, Cd, H2SO4 and Hg from Pb and Zn mixed sulphides and emissions from steelworks, electric 
power stations producing significant amount of CO2 by numerous chimneys and a large dump of red mud 
located near the coastline [1, 10]. Research regarding microbial borings, differential bioerosion in host 
foraminifera and biochemical processes have been performed. The microborings were investigated in 
foraminiferal tests via Scanning Electron Microscopy (SEM) imaging of surface traces. Microscopic 
surface features were investigated using a Field Emission Gun (FEG) Scanning Electron Microscope 
(SEM, Dual Beam FEI Nova Nanolab600). Samples were gold coated before high vacuum imaging. 
Semiquantitative chemical analysis was carried out with X-Ray EDS tool. In addition, microscopic 
surface features were investigated with an environmental scanning electron microscope (ESEM 
QUANTA 200, FEI, Hillsboro, Oregon). 
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Fig. 1 (a) Surface features of Triloculina sp.indicating bioerosion; (b) bioerosional channel in porcelanaceous 
Quinqueloculina sp.; (c) at the bottom of the bioerosional channel, disposition of mesocrystals changed as result of 
bioerosion ; (d) zooming on Fig. 1 (c) to show some filaments likely due to exopolysaccharide and morphology of 
mesocrystals ; (e) rod shaped bacteria attached to the surface near previous holes of Adelosina sp.  
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3. Results and discussion 
Figure 1 shows microscopic features of some foraminifera casts sampled near Portoscuso. In Fig. 1 (a) 
the surface of Triloculina sp. is affected by several microborings. Bioerosion traces were observed on 
both high Mg and low Mg foraminiferal shells. A bioerosion trace, observed in Quinqueloculina sp., is 
shown in Fig. 1 (b). It is worth noting that mesocrystals at the bottom of the trace are distorted, Fig. 1 (c). 
Figure 1 (d) illustrates the presence of organic filaments, likely exopolysaccharides released by bacteria. 
A rod shaped bacteria colony encrusting the surface of Adelosina sp. can be observed in Figure 1 (e). In 
previous work it was shown that heavy metals concentrate in foraminiferal shells in the Portoscuso area, 
corresponding to a seawater pH decrease, but heavy metal concentration in water is not anomalous 
(Cherchi et al. 2009; Cherchi et al., 2012). Data not shown in the pictures indicate that Mg concentration 
measured at the bottom of bioerosional traces is lower with respect to the pristine surface of foraminifera. 
This result seems to indicate that, besides biological processes, Mg/Ca molar ratio is controlled by the 
solubility of carbonate phases (see Lüttge and Morse, 2009, [11] for a review).  
Finally, this microscopic investigation provides more insight into the complexity of biogeochemical 
and biomineralization processes. More investigation is needed to elucidate the effect of crystal size on the 
apparent solubility of nanocrystalline calcium carbonate [12] building mesocrystals in Figures 1c and 1d. 
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